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LiN(CF 3 S0 2 ) 2 , LiN(C 2 F 5 S0 2 ) 2 ^ ©l-M^El ^-o^ #&\5i\3L, <#7] 

°<M£r8: 7}7)±r *H±r l-^fl ^-3-*fl a] ^( ^ # if o^oflig ^S^)^^^ 

(EMIBeti), 1-^-^-3-^1 «WM-iL3JE>sJ*Mm (BMIPF 6 ) ^ °)^^ ^ 

£ 2 
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1020020040707 2003/3/13 

Elf— g3(| ^Sfi<*n °}Sr s.Q-5}±r eH—g^ ^i^HAN ELECTROLYTE FOR 

LITHIUM-SULFUR BATTERIES AND LITHIUM-SULFUR BATTERIES COMPRISING THE SAME} 

£ «>^t!: ^^l^l°fl <4sf *fl^€ ^ ^1^1 A>Al£olcf. 

£ 2^r ^Hl 1, 2 ^ «1 51 ^1 H ^12:€ €3 4°lt 5^ ^ ^ 

£ 3^r ^Hl 1, 2 gj Hlia^l 1^1 Eflii ^ 011 M *1 ^s.* iL<y £^<5lcf. 

^ El#-^3l ^-g- ^«H°J) ^ olf i^-^ Sl#-^3l ^ofl ^ 3} O. 

[#efl 7l#] 

o^rf. oje^v nl^^l 71 ^ o]^ 3.^ # ^g_ ^ s 

^>-§-^ 5l#-^3l 3U|ofl Cfl*l 7^01 ^-^Tfl ^l^SlJl 
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1020020040707 #^ 2003/3/13 

< 8 > ^f-Hi^ #*l*r S-S ^^"(Sulfur-Sulfur linkage)* 7}*|fe- %A % 

^^S. ^--g-^JL, ^f, ol^ ^4 =-4* Oj^Oj A}. 

^ ^*}(*&$.*\) S-S ^o^jig^ s^l #sHr7} ^di^rJl, ^r2|- *V 

^r4. ^ A>-g-s^ S]* ^r-g-^" ^H^l ^£7> 3830 mAh/gol 

31, ^ A]-g-5]^ %(S 8 )* ^>-g-^ ^-f ^lM^l ^JE7> 1675 mAh/g<>l7l ^ 

olcf. ^tr Aj--§-£)^ %7fl 1-^-8: X}*\}7} &M}JL ^^}^ 

o> ^ ^Br^^Rr 

^*f*l «r^l-^<y e^f-^5|-ol^(Li 2 S)7} aj#£H c] o] 

:i2> nl-^-^.^ ^6 ,030, 720JL<>1H^ ^-§-^7> R x (CH 2 CH 2 0) n R 2 ( <*| 7HH n^r 2 HH 

31, Ri 31 R 2 tt ^ Hl^r ^^-a] ZL1-), -^-g-^fl^ EM (donor number) 7} 15 
91 ^ -g-^fll- *}-g-^r. S*b, ^2r^ ^3) = (crown ether), £1^ ^^-(cryptand) , .£ 
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1020020040707 ^*}: 2003/3/13 

^§ofl ^Jl Olcf. 

-H £l# °l£r #*HH^r ^S. LiC10 4) LiBF 4( LiPF 6 S}- #17} A>-g-5] 

3- D l^- ^15,827,602:^1^ S&H-eflols(triflate), °H:El(imide) , ^l^ 

ol^(methide)^l -g-<>l-&-8: ^*Rr #11- A>-g-^ ti^l cfl*H ^fls] 

<w> ZLeiq- ^-7l<4 ^ ell ^^l-g- *l*fl^ ell- ;*UHi^ ^ 
-§: Ji°iq- ^Hl^1^ ^l ^H3°l Isl-sl^ ^ ^)7\ 91°) ell- oi-g. *i 

1- *1*H ^S. A>-g-sl^ 7KM 0 lS?]l ^sfloBofl^ ^el^sj-ol^.^ ^lSj-SJ- «>-§- 

<>1 "fl-f S^^M nfl^-olcK 511-^^ #7)9) £n«»o.g. ^5)7} 5)^*]^ 

<i 5 > sj e ^.g^ ^^AiEjuj- 9J-c-flelsq- 7^1- ^oflol -g-g-^l ^*fl olu]4 

^l-(Imidazolium) °<M£:-§- 71^-o.S. f>}?~ ^^(Ionic Liquids™)^ # 

^ofl^ oJ>Sfl Aj-Efl^ ^7fl*Hr #17> Cf^tb ^7l W4l7>^ til ^7)) fS^i 

«3-JL &i}(Koch, et al., J. Electrochem. Soc, vol. 143, pl55, 1996). ^1^- 
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1020020040707 <^^>: 2003/3/13 

^ ^15 ,965, 05431 (Cova lent Associates, Inc. HI 1-^1 ^-3-^1 *1 t}#-§- ^ 

^l££(>13 mS/cm), -^tb ^7lS|-«!- (>2.5V) , ^ #^ *v£(>lM), ^ 1^ 

°J^(>ioo°c), zis^ji #^ ^ #^ha- ^>-g-* <>lf^ ^sfl^l^^l ^-£r Tl^W 
€^(>100F/g)# M-^^flcf. 

SEtb, tS^ t^CA.B. McEwen et al., J. Electrochem. Soc, vol. 146, 

pl687, 1999HH^ <*\n] #M<2f o)m. 7}iLvi) o] e 31 -g-pfl^ 

^ ^JL^Sm. o^^. ^o] fg^o} oj£. ^££(60 mS/cm), 

^7l^ (20uA/cm 2 <>lH >4V), fe^r *M ^£(>3M) q-Bj-tfl & . *1 

^ ^-S] ^l5,973,913^oil^ ol^^- 6fl*fl fit jc^-^. xj§fl^|. f]y^X\^ 

^t^S}- 7^ ^71 7^ -g-g-^H ^ ^alM^i^ ^ oflui^l 

^ £ ^i^r^# iL°l^ Sl#-^3l *I*H1 a^o} # e ^ o. 7 l -g-pfl^l 
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-g-^ ^ ^ ^ s^t $=#*m ^ sa*r em- 

<19> cf ^ 43.^, O. 37^-^0!}- ^ H o V ^ ^ ^ ^ 

<20> ^1-71 -iH-g: ^^>7l ^£ ^ol^-4 cl*^} -g-o]^ je^> 

<2i> o. ^ % <^ Li2 s n (n>l), 7Ms}olM(catholyte)^l -g-sfl^ 

LisSnCn^l), -B-71 % ^ft, ^ #eH((C 2 S x ) n : x= 2.5 ifl*l 50, n>2)5L °) 

<22> ^f- °o^]^^- °H^3l ^-ol^ Sfs}b #E ^ 0.7I <#ol£.-i- 7 >^^ # 

<24> O.^ o]s^^^ Bl*-<gS| . 

<25> o]§> Jg. ^ o. ^ W7 fl ^*Vtf. 
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1020020040707 #^ 'UA- 2003/3/13 

<26> ^11- « 0 >^Al7l^, <£^MH % €^(S 8 )7> ^sM^CS" 2 ) IE 

- §e)^5fol^(s n -l, S n - 2 , <^7H n >2)7> *g^&t±. n^BS. 3 % 
3* ^^l^(Li 2 S), S^r 3# #^^4 0 l^(Li 2 S n , n= 2, 4, 6, 8)« 

^Sj-ol^ «iEL -8-«fl^ ^^tf. olE^ t^tt 7>*lfe %7ll #^o] 

(synergic effect)* M-^vfl^ #eo} s ^g- t^^oj £ ^ofl 0157]] 

#S ^ -fM <y=ol^ #*fl^* A>-g-*V4. 

<29> a o > 7 i ei # -^01^4 01 pi£L7^1 ^-o]^ 5.^-^ #M3.^r a o v 7 ] ajs. oj, 0 ]^ 

31- 01^1 = ^ -g-^l^ol 0]$- Bl# #^^1^ ^ 

$14. A o v 7l ^-ol^-o. N(C x F 2x+ iS0 2 )-(C y F2y + iS0 2 )-(^7l>H, x ^ y^r 7}<2^9J) 

01 ojaj-Aio.^ a ^ ^ 5a AH . °1 2-1 ^ «>^tb ^l^-fe til^(3l# 

^S.^l^^i 1 d) e >l^^(N(C2F5S02)2~, Beti), «1 i( S ^ ^ = o_^^ ^^^^ )0 l u]el 
(N(CF 3 S0 2 )2", Im), Ssl#^-^^m^$ol^l= , S ^ = ^5.0,1 ^^^ol^c -ol 0} o_ 
H, ^lf^i wl^(sl#^s.<Hl^^5L^)^cl = (N(C 
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1020020040707 ^ o^ }: 2003/3/13 

2F5SO2V, Beti)^- al±(E2lffil1i^ I ^ )O ] D )c (N(CF3S02)2 - i lm)7} y} ^. ^ 

#7] -H-71 <^o]^ 7>^1^ lif — 5l# <#°l£r cflAl -B-71 <#o]£-Qr ^-B-^cf. a 
tl" #7l<y-ol ^Ji 1^-5)-^ ^£(flash point )7> nfl-f ^ji til<g^^- 7>7]o. S . 

7>^tt #3<>1 5^. £ t^ofl W^^Ml A>-g.^ - ^3)5 ^ «.3I]7> 

100A 3 oj^-o] 3. o. 7l c^o]^ ^^-^-rf o]e^ ^ol^o] ^V^e. ^ JjLjq 7 }. #^ 
-s. ^-7>^| ^7> °im^l(lattice energy)7> ^^^q] o]^-^£s. 7 ]- j~l^|_c|. 

#71 -B-71 ^l^* iWxr ^a. ^ rt^oflAl #7fl^- ^ XJO 

^, ^ 3*1 ^ -£r5L°\}*\ ^5 ^#o.S. ^7fl*H -§-^m ^7^1 &o};£ elf- 

*i3]^J^L A>-g- 7}^^Cf. ^T$6\] A}^S\^ #J=^ 100°C Ol^ 

-gri^ oflA o >o.^ ^fl*}^ tiV^^i, 50°C ol^o^ on^T-O.^. 

^ W>fM*M, 25°C ol§>ol ^JEofl^ ofl^-o.^ ^7fl*Rr ^ol 7 H> W^:*} ^i}. 
^-§-^^°11 ^r£^^1 €^Mtt 7 >^^ ^^oiq-. 

A oM #S^l -^-71 oj,ol^-0. S ^ 3)3^ o^ol^-ol y>^^^>Cf. *|13) 

£ S^l^ SllEfl^. ^7}^ N, 0, S S^r °l!-o} ^^51^ 3lEflS. ^7>S1 

TT± 1 ^*1 47fl7> H>^*>^ f i 3)*1 27fl7> c] wl^^rf. oisi^- 313)^ jt.^ sj. 
^-#°1 otol^-ofl^ slslcl^-(Pyridinium), e) 4*1 MPyr idazinium) , sJbH^w 
(Pyrimidinium), s) el-^l^-(Pyrazinium) , °H4##(Imidazolium) ( ^sHtfl- 
(Pyrazolium), ^ ^>«(Thiazol ium) , 4*>##(0xazol ium) , ^ °>##(Tr iazol ium) 
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1020020040707 <^7>: 2003/3/13 

<L3. 0)^0]^ ^h«s]^ 5£^r °<M£r°l oirf. 

0133. l-ofl^-S-nfl^olnlrl-^f-CEMI), 1,2-^ "II 1-3-^3.^ 

(DMPI), 1-^1-3-^11 c]cf^#(BMI) ^ o] n]cf^^- ^ol^-o] aj-BJ-3] 

^-7] <£o]-g-JZ). al^(Sll-^S.Olll^i^) 

olnl^.(N(C2F5S02)2", Beti), wl^(Ssl#^S^ll^i^)olnl^( N (CF3S02)2-, Im), 
S^^(Sel«^S^l^^^^El-oi = (c(CF3S02)2", Me), ^ sl#^S.oll^^-oin] c , 
SS]#-^^pfll^^olp] = ) EBjfBo^^i^jELiojE, As p 6 - ( ci0 4 -, PF 6 -, BF 4 - # 

£ ^3 «>^t!r -S*HH = LiN(CF 3 S0 2 )2, LiN(C 2 F 5 S0 2 ) 2 ^ £ 
^-■i-S oi-f-o^ ^o\)a-] si* #e ; l-^l 1-3-^1 1 o] u] tq-^-g- 

ulJE.CEMIBeti), 1-^1-3-^11 °] n] *| A>#J^.2.3.3Ei*|| o] e 
(BMIPF 6 ) ^ ^MrS. 0)^-0]^ ^o\)a] Ajiijsl^ 0.7I ^o]^ 5E^*Hr ^ejl 

i^Rr Sl# #S^r 0.5 M ^*1 2.0 MS. A>^-slzL, -H-71 <^o]^ 7 Hb #EL^ 0.2M 
tH*l 1.0 MS. ^-g-ficf. ^-7] ^ elf- #J=sf ^-71 ^ol^.^. 7}^)^ ^ 

-§-"11-1- Dl if-^" ^ 5^. #71 -ft-71 -g-*fl5L^ ^Eflo] el^-^s] ^ofl A>^-5l^ £ 
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5^. -S- ^3 ^fl°-^ -ft-71 -g-nfl^ A>-g-^ 50 lfl*l 90 f^%<?l 
ti^3]5>rf. cH^-AHmo} ^-oon^ ^ ^^oJj^ 50 90 A}-g-£H , 

50 80 A>-g-S)^ ^}o] v] w>^^}4. ^ o.ofl^ ^sfl ^^flon^ 

50 vfl^l 60 A}-g-£)o}, 50 30 AV-g-S^ h}^^-. 

<37> *l*fl^Hl A}-g-£]^ -R-71 -g-^S-Tr c+Qj -g-nfll- A]~g-^ £U 2°l-# 

% -g-*lHz3 ^ -fr^ ^7> 15i^ ^ -g-*fl5L ^^^^1, ^ 

£r «lA}-ol#e5 ^JiMMS, ^^A>o]c ^^ r> ^ TflS oIliEfle 

sW§-, Sl-^-l-, ^o)l=L S]^- #e]^S}-ol£L^ -g-*flAl23 ^ ol 

^ -B-^l 15icf 3. _g. D fl^ ^sqs)^, 3# iLJL -g-nfl^ ^Efle S^-^-g- , 

"^^V SEKSolid Electrolyte Interface) a}c>1 
# jL^r(cycle ef f iciencyH 50% °]^9l -§- D flS 3jsJ€^h 
<39> ot*V ^ -g-^o] ^^l^o] ^s.^ a>^^1 (xylene), ^ ^a] 6\) e]-, 
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<40> q-^ -g-nfl^ ^l^^i oflsfe S^HIfl E^o')-p]-o'|H.(hexamethyl 

phosphoric triamide), ^M^JL^, 6 Ml£^Si, oflM SSl^ 

cH^J ^^H M, on^^i ^sj-olE = o. s. ^ oicf . 

3,5-^lli <>l^r#, 2,5-^^ ^fh 2-^ 1 g ^ffh 1,4-^V, 4-^^ 
f^l 514. 

<42> ^-t^ofl ^s] £ H w>sf ^o] <g=^-(3), ^(4), 

^ #7l °^(3)4 ^(4) AH 6fl ^sfjeflolBll- 5L^-sr>^ ^ 3H(5)# i^tl: 

4. ^-71 ^(3)4 ^(4) A>olofl -ft7l °<H£^§- S^*Hr *S ^«fl^* 
<43> ^S] <#^(3)£r % Li 2 S n (n>l), ?fl#5+o]E 

(catholyteH -g-*fl€ Li 2 S n (n>l), -fM % Sj-W, ^ #3 ^ ((C 2 S x ) n : x= 2.5 

vfl*l 50, n>2)5. o]^ol^l Alifls]^ ^ 0 ]SL *}^$] <#q- S^zl-g- X^-^lrf. 

<44> ^"71 ^(3)^ HIA^, IVA^r ^r, ojl-oi S^r X 

A. A J-7l *H^r^r Sc, Ti, V, Cr, Mn, Fe, Co, Ni , Cu, Zn, Y, Zr, Nb, Mo, Tc, Ru, 
Rh, Pd, Ag, Cd, Ta, W, Re, Os, Ir, Pt , Au ^ HgsL °1^H^ ?M «V 

^-^s>cf. #7l fflA^ Al, Ga, In ^ T1S °1^H^1 ^-oflA^ Ai^s)^ ^o] w>^- 
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3j*>4. #71 IVA^ Si, Ge, Sn ^ PbS ^=-^^1 ^^a^ ^Sj^^ ^o] «}-e^ 

t"^ ^4 ^ Hi^r #51^ JL£-7>7> H>^-3j^>7fl A>-g-^ ^ $14. a o V 7 1 

^^711 KS 6(TimcalA> *i|#)7> 7>^-^ ^ P(MMM^ *fl#), ?fl 

31 t-«J(ketjen black), 3!7> -Ir^Cdenka black), <>MIM 1-^, M ^4. 

^-71 #51^ ^13.^ #3<>}\=i^, ^^OHI^^I, ^-O) OX 

4. 

efloiEl^ ^eHM ^-Afoi^ ( 7}jh4^ #HHim ^W^, ^n^-, # 

e^wl^^^i" o.e}o]c^ Kynar), ^Hlli o} 3 .^])o)^) > 

Sef^^-S.^^^, $^til^#^4°l^-, #3*1^*13^, 

Hl^l, o]f2l ^SLU) , A}-g-€ ^ ^Cf. 

<47> ojq-^. ^^71 <?^lH^r n^, *ll2:*>7] ^ tt -§-*lH 

y>°Jt-i ^ ^<a*>7fl - ojo.^, ^Tii 4-§-^ ^1 

w>^§>^, ^a^ilS^ of^^qMl, ^14*. El]E^>olc S ^^ ) #> o] 
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£e)t£H -g-nfl, % rx^ A^Efl^ ^7H1^ £ ^ 

ofl ^^§1 ^M* 7>^1^1 ^Jl^, <&*1 ^e-is^ S^o) ^.oi^H^- ^ 

t!r 7}^ t^c}. 

<48> oli). ^o] ^e^# ^*MH Hi^JL, ^ 325}°] ^ ^£(3)^- ^ 

^ °1» #*1(1) a*iH W. ^JE ^ ^^*>ZL^> ^ 

^ ^^*v ^-tiis. s^}^ ^^m. ^7} mins.^ 4 

^oj y>eJ-^§>^, 7>£--ia^ IH^Itet ^^^11- Af-g-^ w>^-3]^. 

^^}^ 7) A>-g-s>^ 3} o] Q±_7\ &-gr ?H1 HlSfl ##lH 

<49> £ *Vt$o) ^^1(1)^1 ^-(4)£r E]# <>l^-g- 7>^^AS ^^H^ 

^olE^M^m + 9X^ e}# 7>^^O.S sll- ^ W 

^ #^3->H, El* oi^> *i*HH ^si^ ^ *H 
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* ^ W ^ $1^ #^ cflS^ol oflS.^ a>^- ^(Sn0 2 ), ^4tet q-olE^ole, ^ 
2]cKSi) -f-i: # ^ Xl^M- ojofl 3£r 4^4- 3 # ^-JL3.fe- ^#4 Na, 
K, Rb, Cs, Fr, Be, Mg, Ca, Sr, Ba, Ra, Al ^ SniLS °l-f-<H*l ^bh^^ ^ 

<5i> ^ofl -^-71^ JiJL 4 (protective layer), -fM^ JiSl 4 3Efe 0 1§°1 

1-^51 -S-^S 4-8-€ ^ 5>J4. a>71 ^-71^ ^.S^S.^ Mg, Al, B, C, Sn, 
Pb, Cd, Si, In, Ga, ^s^Hm, J±3HS, bJ^- S^sIMm, iilS 

jL^Sfe #e)(p-«31), §e^Hlii3I, #5l(p-5ll^^ §34^, ^e)^ 

<52> 3:^ 211-^51 #«J-^*>^ 4^14, A>-g-£l^ %o] 

^ #3^<H, ^ S^ofl *r $14. °14 ^(inactive 

sulfur)^ ag-o] 7 H ^71^-^ 3^ a>-g-^r 7]^ ^71^ ^-§-«>fl 

4°1# *r tsM , Bl# -g-^- <8^€ 4^ s] 

# J±;£4(protective layer) °-3.>H *>fe &4. 44 A 1 , ^ 
^r4 °1 3# ^ $H1 ti] %, Ir^H 3# ^40]=^- ^^o s A>-g-^ 

^£ $14. 
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^1:4. w>^^ °<J=^ 7l^£^ ^i^l ^ -f-^o] 5 % o]^, 

*>7jl^ 10 % ol^-, 7H V uj-^-^i^Tll^ 15 tfl^l 50 %o]v}. 

<56> (^UH 1) 

<57> LiS0 3 CF 3 0.5 M4 u] ^(3) = 

(EMIBeti) 0.32 ^^"§-^§- ^-^H^/^^^^U/l^ ^tilS. ^^--g-nfl 

oil ^7}*}oc| ^fl^ ^2:^4. 

<58> % ^ 67.5 S^i^lS « 1-^ 11.4 ^% ^ «Klc].5. t-eHli^l ^} 

oIje. 21.1 o^is^Ml -g-*HH 3*1-8- «^ ^3 

1- ^2:^4. °1 ^e|Hj* ^-s^ ^-f^ s^l-Ji, #^e)7> 

iS^^l ^ ^3*ll» 12*1# o]^- 6 0°C ^ 25 >50nmf ^7l# 7}&, 

2 mAh/cm 2 ^ ^lS^S^. , ^ 7d^€ 4^1 ^ 
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<59> (-^H 2) 

<so> LiS0 3 CF 3 0.5 M2f 1-^^-3-^1 «jA>#^S-i^3f)l o] e (BMIPF 6 ) 0.48 

<6i> (^aH 3) 

<62> LiN(CF 3 S02) 2 0.5 M-4 1-^1^-3-^1 ^©H^f- wl^Cs) #^S<^1 U ^5E^)°H 

^(EMIBeti) 0.32 M^l S^l-fi- tq^l JH^/^^U/IS] Jf^s ^)^\ -£^-g- 

<63> (^^Hl 4) 

<64> LiN(CF 3 S0 2 ) 2 0.5 m l-^H-3-v\]^°}v] 4^f- a)A>^^s.S>ufl ©1 e (BMIPF 6 ) 

0.48 M Si cli^H^^t^(4/12] ^WlS *^-)^l £^-g-ufl6j| ^ 7 >*> 

^ *flS^ 51 # ^1^*VJ1 ^^1^1 14 -§-13*!: Bfl^E ^ 

^^1-534. 

<65> (^Alofl 5) 

<66> LiN(C 2 F 5 S0 2 )2 0.5 m l-^m-3-^^olnl4^^ al-i(3s)^ iLS.^^ iiX^H 

nl = (EMIBeti) 0.32 M^l ^jfllM ^l^^ZL^ ^X|ofl 14 -^oj 

$ «o v ^-°-^ Efl^M S^*>^4. 
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<67> (^/H 6) 

<68> LiN(C 2 F 5 S0 2 )2 0.5 m 1-^-3-^1 ^% ^A^^Si^^o] e (BMIPF 6 ) 

0.48 M £] ^tflon o_ S A>-g-*T; ^ ^^^.jl^. isf «J-^o_3. 31 

<69> («1 51^1 1) 

<70> 0.5 M LiS0 3 CF 3 7> -g-sfl^ cM-S^l^lt!:/^^* 4/ is] ^HlS *I*1H 
<71> 51^1 2) 

<72> 0.5 M LiN(CF 3 S0 2 ) 2 7} -8-«B€ ^l^lit/l^tM 4/1^ -¥-s]til3. ^% *l 

<73> («l jnofl 3) 

<74> 0.5 M LiN(C 2 F 5 S0 2 ) 2 7> -g-«fl^ ^^H^rA^^-i- 4/1^ ^als. £^ # 

<75> ^ Jf-^ 3g 7 > 

<76> 1 ifl*] 6 ^ tilJil^ 1 vfl^l 3^1 Bfl^M ^ ^ ^7}*} 

0.2 mA/cm 2 S «j-^Al^cf. uq-ej- -g-^= SA}*}7l ^efl 

f^X| ^ff-^JE^ 0.4 mA/cm 2 S. ^SMl JL^JL « 0 >^i 0.2, 0.4, 1.0, 2.0 

mA/cm 2 (^^ C-rate^ 0.1C, 0.2C, 0.5C, 1C)S ^sM^H 1 4°lt^ ^Xfr ^-%r 
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1.0 mA/cm 2 (0.5C) #-fr» 100 ^«o v €* ^*l*>^^. 

^-^.s ^oj-o. 1>5 ~ 2 .8 VS. *>^c]-. 

<77> .gAHj 1, 2 ^ Hlsefl lofl 4^ ^H3# £ 

2°fl t+El-ifl 58^. £ 2<*IM J±^r H>^- ^-o] *JaH 1 ^ 2^1 100 A>°1# oj^oflc 

<78> ^ ^ 3 §7> 

<79> aH 1 iflx) 6 ^ wlJE^l 1 vfl^l 3^1 s£o\] cfl^H ^<^M- 1.8-2.8 VS. 

*)l<^}jl #7l ^ ^ ^7><2}- 6. S ^Al^^Cj-. « 0 V^ 

1.0 mA/cm 2 (0.5C)^ a^6| 1, 2 ^ bIjIH 1^ £ 3 

ofl SAl^^cf. 6flui^l ^(specific energy, mWh/g)^ ^-g- «o v #-§- 

<M*H 31^5^. £ 3<^H ^m^l ^ *ltt*8-# -8-^=), y 

<so> £ 3 bfl £ a]^ b>^ ^ol ajaH 1 ^ 2^1 -fio] tilnH 1^1 v]f>}<^ sg^ ^ 

^4 ^£7> ^ 0.5. M-H}xt4. i^Sf^ *r€- ^Hl 1 

^ 221 ^ ^^oflAi ^n> o>^Hl- JZ^oflAiJE Wj-*} S-Aj ol -f^^g- ^o]ig. + $1^ 
<81> ar>7l tJliiA^ M. ^-tgol el^-^sl ^floA^ el^- ol^- ^^oll 

^-f^l ^7l3l-^al ^T^^T. 
<82> (%1-ZL^l 1) 
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<83> y><?lCi(#e]Ul^^|cJl S.S=L^o}EL)^r N-^l^ s]«-3€-(NMPH ^7>*H ^Stb w> 

sic) -g-ofloii s^o^i P) 3g$<g^oi 10^,0] LiCo02 %7}*}<q 

flrM #5]Bl« ^S^>^4. ^ M^AE^/aKl^ 96/2/2S *>5a4 

. #7] ^e^* Ej-^-ir^s} Al-i^<Hl ^ei^7> Al-I^t 12*1 7j 

60°C ^ 25 >50mnf 3.7}^ 7>^1 , 2 mAh/cm 2 ^| »lS^> 

■t-*H -a-^^S^. #*fl^-5-S 0.5 M LiS0 3 CF 3 7l- -g-*fl^ <^1^^1 7hS2.i4|o];E3|. 

<84> (%3Lg\] 2) 

<85> ^^fl^AS USO3CF3 0.5 m 1-^-3-^) ^o)u]t^^ ^}^SLS.S.^]o]B. 

(BMIPF 6 ) 0.48 M 3 ^#-§- q pfl js-a] ofl Q/t\ ^.^^(4/! o] J^uls ^-§-*l] 

^# « ^^^^cf. 

<86> (^-Jl^ 3) 

<87> ^sfl^S. LiS0 3 CF 3 0.5 M^- 1-^-1-3-^11 olnjcj-^f- «] A}-^.^^ Q ] e 

(BMIPFg) 0.48M ^ ^\%^ ?A^r A^\^L #71 %1-Jl^l 13f ^ ^ 

<88> #7l 2 ^ 3^1 ^ filf- oj^ ^ ^vIlolE^] ^.nfl§ ^Sfl °J} o_ 3. A> 

-g-^T %!"J1^1 H elfl- ^o] ^ .§.^0} 20% Ul^^l M-Ef^O.Bl, ^-71 

AjAHlofl Of^ ^ a j-^ _g_^ ^ 1Q% nluVo] ufEl-^cf. ^ 5l#-M3l 
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<89> igj-^o) e)^- ^ ^^flofl O.^ El-t <#°1^ °l*l-^7ll ^°1 

^ E]f- #S<4 -£-71 <#°]£r^r 7}^}^ ^>^H ^^l °l-§-^°l "f^T 

*H ^(«o^-S-^ ^ ^ ^ ^£71- 7l^Sl ^n^-^ 

^*H1 Wl*>^ ^151 
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[^T 1 * 11 

Z]W <&o}£-^ °]V}EL7\] ^g-Ol^g- ifsf^ ^H; ^ 0.7I <^o]^ 7 }3^r 

2] 

*fll*<Hl SZ^I, °Hi=?!l -g-ol£-8: N(CxF2x+iS02)"(CyF2y+iS02)-( 

^71^, x ^ 7>><a^ < a)S. q-Efiflol^l^- 3*1-8- 3*11*!. 

3] 

^1%H1 £M*1, ^71 #J=^ olnlS.7fl ^-°1^8r 

oloic (N(C2F5S02)2 - ; Beti)( HliCMel^^S^^^i^) olTnl = (N(CF 3 S0 2 )2", Im), 
4] 

XI 1^ , #7} -B-71 ^^l^-S- 7>3^r tS7f 100t: ol*>^ ^Sl^H ojj^-o. 

s. €^Hr 3*1-8- 3*fl^. 

[^t 1 * 5] 

Xll^oHl 5a°H, ^"71 -B-71 ^o]^ 7Hb #S7> 100 A 3 °1#S] yj-^e ^ « 
Sit 7>*m -fM °o^]^ i^-§>^ ^jo] E^-*^ 3*l-g- 3*flofl. 
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6] 

*flrM 91*1*} , ^y] -B-71 ^oi^ 7 }^ib tS7} ^Efls. jie] sj-^-i-^ «y=oi^. 

7] 
8] 

^16%H1 ^-71 ^EflS Jie| ^#o] i vfl^] 47fl^ 31315. ^*M- 5L^Hr 

9] 

^16%H1 Sa^i, ^1-71 ^Efls jis^ °^<>}^}^ ^^TEr(Pyridinium), ^ 

^^l-H-(Pyridazinium), ^^^(Pyrimidinium) , ^^^(Pyrazinium) , 
°l D 14##(Imidazolium), ^#(Pyrazol ium) , ^ ^^-(Thiazol ium) , 44if 
(Oxazolium), ^ l2]°}ff (TriazoliiMn)^S ^l^-^^l ^^l^r 2}-tJ-# °1 

*^ °o to l^ ^^]-g- ^^fl«2n. 

10] 
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11] 

^IllOfl SJM*1, ^71 oj^rf^ s^#ol l-<Hl^-3-^^^nlcf^f-(EMI), 1.2- 
rq til] ^-3-SS.€ 0 l"l^*fl- (DPMI), ^ 1-^-3-^1 m°l*m«(BMI)iLS o^o^ ^ofl 
*i rid^^r ^tt°J elS-^ ^sfl^. 
12] 

^ 3 i^Kn, #71 -g-o]^ al^(^§^s.<Hl€^i^)°l^H. (N(C 2 F 5 S02)2". 
Beti), til^(S^«^S^1^^5L 1 d)ol^^)(N(CF3S02)2"- Im) , 

^l^^X 1 d^Bl-^l = )(C(CF3S02)2", Me), 1=5^^^111 
-g^o] H e )§s^ s _ n11 ^^3 £t)lo -, S) AsFe - ( c1 q 4 - > pp 6 - ; ^ B p 4 - o_ s ol^-c^^l 

[^t 1 * 13] 

^11%H1 5£°H, A oM slf- #J=ir LiN(CF 3 S0 2 )2. LiN(C 2 F 5 S02)2 3? ^t 2 ! £W 

al^Csj^^S-O]!^ ^X^)olnl^(EMIBeti), 1-^-^-3-^1 *1 ^1^>#^- 

,SLiiL5Li3lHJ=(BMIPF 6 ) ^ ^#^1 ^#3. <>1^-<H*! -Jd^^r elf-^s] 
^1-8- ^*ti OJ }. 
[^^8- 14] 

*fll1MI #7l slf- 0.5 M ifl^l 2.0 MS ^~§-3^, -R-7l ^o^-g- 
7}x}±r 0.2M 1.0 MS. ^>-§-5l^ &|#-^^ #*l-g- 
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[3^8" 15] 

16] 

[^T 1 * 17] 

^116%H1 5U<>H, ^71 ot^ =*j$ ^. Dfl IL f ! 7 J-^ ^ -g-nfl ZLf-, ^ 

18] 

^117^-oll SJL<H>H , #71 ^ ^ -g-nfl^ 0}^ S^#, ti>olA>o]^5J 6f|*fl5, 
#71 ^ -g. D fl^ tijAj-ol^BJ ?>ljLlflolH f ^^A>o]^ ^S. 

, *m a*W, °fl — ^11 — a*W, ^^I^e sf-^-§-, ^ ^5j-o]E a^^s. oi^^i ^ 

#7l e)f iLJL 5£s^ <HH1=- iW§-, 4131 = N, 0, S 

H^b o^cq ^EflS. JLS| 2}-^-#S ^l^-^^l MM B|f- 
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19] 

>fl 1% V ^18%H1 3l*fl^; 
20] 

9l°]*\, <$q- % Li 2 S n (n>l), 7fl#^o]E 

(catholyteHl -g-isfl£ Li 2 S n (n>l), -fr7l % ^ #Bl ^ ((C 2 S x ) n : x= 2.5 

50, n>2)5. ol^c^^l ^6\}a] ^Efl^^ ^u)-^ <#^- ##H<y ej^-^sj # 

21] 

^119%H] Sl^H , #7j <&^°] =-4=-, fflA^, IVA^ ^r, <>1*^ 

[3^- 22] 

*fl211M &<H*i, ^"71 ^ol^-^ Sc, Ti, V, Cr, Mn, Fe, Co, Ni , Cu, Zn, Y, 
Zr, Nb, Mo, Tc, Ru, Rh, Pd, Ag, Cd, Ta, W, Re, 0s, Ir, Pt , Au ^ HgS °l-f-<H*l S 
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o(H ^^oIjl, EIA^ Al, Ga, In ^ T13. 

^<H^ -sd^sq^ €^°J B]#-^s| 

[^t 1 * 23] 

^19^1 SI*]*], °^°] ^71 £^^1* 

[^T 1 * 24] 

^l-e)^, <£^3HB]2= ^A>ol= , 7>5I^f-€ #SH^« ^>°1^-, 

ofltfls, ^Hfs^efloiH), f^in, #s^u}t- 

-S#2H(#^: Kynar), #^(^1^ °> 

e^wl^^el^, l-s)iBl^l, -J ois-o] -o-h^i, ^h., jE^r ia^sMs. °i=.o^ 5-^1 
*1 b1»- 
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